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70-nemuro B. A. Kotibaesa noceawaemcs

Awnnoranus. [lycts u — Bepmnaa AByA0IBHOTO (Q-ITOTMHOMHAIBHOTO JUCTAHIIMOHHO PETYASPHOTO rpada
I' mmamerpa D > 3, ¥ =T'p(u) u A = ¥s. Torga A — AUCTAHIMOHHO PEryJISAPHBIH (Q-IIOJIMHOMUAIBLHBIN
rpad. B cayuaax D = 4 u D = 5 rpad A saBisgercsa CHIbHO peryiaspHbiM Q-mojguHoMua bHbM. [Toso-
BunHbIA rpad [ cuinbHO peryssipedr u A — oKpecTHOCTH BepiuHbI B JomnosHenun K ['o. Tlosromy meob-
XOIUMOe ycjIoBre (QQ-IIOJIMHOMHAJIBHOCTH | — 9TO CHiIbHAs PEryssipHOCTb OKPECTHOCTEH M aHTHOKPECT-
nocreit Bepmua B A. JIBynonbabIl qucrannmonno peryiapubii rpad I' amamerpa D € {4,5} masosem
mouT (Q-TIOJIMHOMUAJIBHBIM, €CJIM OKPECTHOCTH M AHTHOKPECTHOCTH BEPIIHH B JOMOJTHEHUN €TO MOJIOBUH-
HOro rpada CHJIBHO peryJssipHbl. VIMeercs JiBa JOIyCTHMBIX MaCCHUBA IIepecedeHnil (Q-IIOJIMHOMUAIBHBIX
rpados: {10,9,8,7,6;1,2,3,4,10} (cepuyrsiii 10-xy6) u {55, 54,50, 35,10;1,5,20,45,55}. Dt rpador
MMEeoT CHIIbHO peryssapubie rpadsr A (nmapamerpor (126, 25,8, 4) u (210,99, 48,45)) n okpecTHOCTH BEp-
mme B A (mapamerper (25,8,4,2) u (99,48,22,24)). VMerorcs aBa JOIyCTUMBIX MAacCCHBa I€peceveHHil,
orBevaronux rpadam Ha 704 Bepmmuax: {26,25,24,2 1;1,2,24,25,26} u {36,34,32,4,1;1,4, 32,34, 36}.
B pabore nzygarorcsa mouru QQ-moanHOMHUANBHBIE TPpadbl quamerpa 5. /Jlokasamo, 9T0 AUCTAHIIMOHHO Pery-
JsipHBble rpadbl ¢ MaccuBaMu Iepecedennit {26, 25,24, 2,151, 2,24, 25,26} u {36, 35,32, 4,1; 1,4, 32, 35,36}
HE CYIIEeCTBYIOT.

KiroueBble cjioBa: JUCTaHIMOHHO PErYIISIPHBIN rpad, (Q-IOTMHOMUAIBHEIA I'pad, ABY/IOIBHEI rpad.
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O6pasern; nurupoBanusi: burkuna B. B., Maxumes A. A. O aByI0JIbHBIX (Q-TIOJTUHOMUAILHBIX TPa-
dax amamerpa, He Gosnbmero 5 // Buammkask. mar. xypH.—2025.—T. 27, sem. 3.—C. 21-27. DOL:
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BBenenue

PaccmarpuBarorcst HeopueHTUpOBaHHBIE rpadbl 6e3 1meTesib U KpaTHbiX pebep. FKeim Bep-

IIUHBL U, W HAXOASTCs Ha paccrostuun ¢ B rpade I, To uepes b;(u, w) (epes ¢;(u, w)) obo3Ha-
YUM 9nCJIo BepiinH B nepecedennn 141 (u) (B mepeceuenun I';_1(u)) ¢ [w]. I'pad nnamerpa d
HA3bIBAETCSl JIUCTAHIIMOHHO PEryJsipPHBIM ¢ MaccuBoM liepecedenuit {bo,...,bg_1;¢1,...,¢4},

# ccnenoanne BBITIONHEHO TIPH TIOfepKKe EcrecTsenno HaywHoro donga Kuras, mpoekr Ne12171126,
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ecau 3Hadenust b; = bj(u,w) u ¢; = ¢;(u,w) He 3aBUCAT OT BHIGOpPA BEPIIUH U, W HA PAC-
crostuun 4. [lonoxkum a; = k —b; — ¢; u k; = |I'j(u)| (3navyenue k; He 3aBucur or BBHIGOPA
BepimHbl u). Jucia nepecevyenuii rpada pﬁj, napamerpbl Kpeiina qﬁj 1 Q-NOJIMHOMUAIHHBII
rpad oupezesenst B [1] (cTp. 43 u 48 cooTBETCTBEHHO).

Jlyist IBYIOJIBHOTO AMCTAHIMOHHO perysspaoro rpada I mososunHbIM rpadoM Ha3bIBa-
ercst CBsaA3Hasi KoMmmonenTa B ['y. st aHTHIIONAIBHOIO JUCTAHIIMOHHO perysgpHoro rpada I
AHTUIIOJAIBHBIM 4YacTHBIM 17 HasbiBaeTcs rpad, BepHIMHAME KOTOPOIO SABJISIOTCHA aHTHIIO-
JabHble Kiaacesl rpada I u 1se Bepmmubl v/, w' CMeXKHbI, eC/Ii HeKOTOpbIe BePIIUHLL U € 1/,
w € w' emexnnl B . TlycTh u — BepmuHa JBYI0JLHOIO (Q-TIOJMHOMUAILHOTO JUCTAHIMOHHO
perymsipaoro rpada I' nmamerpa D > 3, ¥ =I'p(u) u A = Xy. Torma A — gucrannmonno pe-
ryssipabiit Q-nosmHomuababiil rpad (Ixon Koxman [2]). Umeercst aBa momycTuMbIX MaccuBa
nepecevernii Q-nosmuomuanbubix rpados: {10,9,8,7,6;1,2,3,4,10} (cBepuyrsiii 10-ky6) u
{55,54,50,35,10;1,5,20,45,55}. Dru rpacder umeror cuibHO peryisipabie rpadbl A (mapa-
merpsl (126, 25, 8, 4) u (210, 99, 48, 45)) u okpecrHocTu Bepimus B A (napamerpsr (25, 8,4, 2)
u (99, 48, 22, 24)). B [3| mokazaHO, 4TO JUCTAHIIMOHHO PEryJISPHBIH rpad ¢ MacCUBOM Iie-
peceuennii {55, 54,50, 35,10; 1,5, 20,45, 55} He cymecrByer. Vmerorcst JBa JOIyCTUMBIX Mac-
cuBa nepecevenuii, orpevaromux rpadam Ha 704 sepumnax: {26,25,24,2,1;1,2,24, 25,26} u
{36,35,32,4,1;1,4,32,35,36}. AHTUnOIAIBHBIE YACTHBIE STUX IPadOB CUIBHO PErYJIsiPHBI C
napamerpamu (352, 26, 0, 2) u (352, 36, 0, 4) cOOTBETCTBEHHO.

Teopema 1. /lucrannuonHo peryssipaslii rpag ¢ maccusoMm nepecedennii {26,25,24,2, 1;
1,2,24,25,26} He cymecrByer.

Teopema 2. /lucrannuonHo peryssipaslii rpag ¢ maccusoMm nepecedennii {36, 35,32, 4, 1;
1,4,32,35,36} He cymecrByer.

HanomuauM, 910 CHIIBHO peryispHblil Ipad 6€3 TPEeYroJbHUKOB CYIIECTBYET TOIJIa U TOJIbKO
TOrjIa, KOIJIa CYIIECTBYET ero JBY/0JbHOe yjaBoenue auamerpa b (cm. u3 |1, reopema 1.11.1,
1. (vi)]). Orcioma nmeem cie/cTBue.

CaencrBue. CuibHO peryisipuble rpagdbl ¢ napaverpavu (352,26,0,2) u (352,36,0,4)
He CyIIeCTBYIOT.

1. TpoiiHble YncJa MepecedeHnin

it moKazaTesIbcTB TEOpEeM HCIOJIb3YIOTCsl TPOHHBIE YHC/Ia [epecedeHnit [2].

2. I'pad ¢ maccuBom {26,25,24,2,1;1,2,24,25,26}

[Iycte I' gaBisiercs AUCTAHIIMOHHO PEryJIsPHBIM TIpadoM C MaCCHBOM IIepeceveHwmit
{26,25,24,2,1;1,2,24,25,26}. Torma aHTHIOmAJbHOE YACTHOE — CHJIBHO DEryJIsPHBIi
rpad ¢ napamerpamu (352,26,0,2), noJMOBMHHBIA Ipad CHIBHO peryJssipeH ¢ Iapamerpa-
mu (352,325,300,300). Hamee, T' umeer 1 + 26 + 325 + 325 4+ 26 + 1 Bepiuun, Crekrp:
261,643 4208 _4208 _@143 _ 961 upciia nepecedenmuii:

ph =0, P%Q = 25, P%Q =0, P%g = 300, P§3 =0, P§4 = 25, le15 =1

Pl = 2, pis = 24, pj, = 300, pjy = 24, p3s = 300, piy = 2, pis = 1;

P:f2 = 24, P:f4 =2, Pgs = 300, P§3 =0, P§4 = 24, P%5 =1

Py = 25, p3y = 300, p3y = 25, piz = 300, piy =0, pi5 = 1;

ply = 26, p3; = 325,
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U MaTpuily () IyaJbHBIX COOCTBEHHBIX 3HAYEHUI

1 143 208 208 143 1
1 33 32 =32 —-33 -1
1 =33 32 32 —33 1
1 —143 208 —208 143 -1

IIycrs u, v, w — Bepmmubl rpada I, {ijh} = {%’z’}, [ijh] = “%’}

Monoxkum ¥ = Ty(u), A = ¥o. Torma A — perynsipusiii rpad cremnesu p%z = 300 na
ko = 325 BepminHax.

JIemma 2.1. Ilycrs d(u,v) = d(u,w) = 2, d(v,w) = 4. Torsa BbIIOJHSIOTCS CIELYIONHE
VTBEPKICHHUSI:

[113] = [131] = 2, [133] = 22;

[222] = 277, [224] = [242] = 23;

[313] = [331] = 23, [315] = [351] =1, [333] = 27T,

[422] = 22, [424] = [442] = 2;

[533] = 1.

< Yuporenust bopmyar (k). >

ITo nemme 2.1 numeenm [222] = 277.

[Mycrs d(u,v) = 2. HamomuuMm, urto p%Q = 300, p§4 = 25, m03TOMY 4HCJIO pedEp MEXKTY
A(v) u A2(v) B rpade A pasuo 277 - 25 = 6925.

C apyroit croponsl, ykazanuoe dncsio pasuo 300(299 — \), rae A — cpejHee 3HatdeHne
napamerpa A(A), mosromy 299 — A = 23.083 u A = 275.917.

Jlemma 2.2. Ilycrs d(u,v) = d(u,w) = d(v,w) = 2. Toraa BBIUIOJIHSIOTCS CJIELYIOMIHE
YTBEP3KICHUSL:

[111] = 7y — 22, [113] = [131] = —r; + 24, [133] = r1;
[222] = —ry + 299, [224] = [242] = 7y, [244] = —ry + 24;
311] = —r1 + 24, [313] = [331] = r1, [333] = —r1 + 299, [335] = [353] = 1;
[422] = 7y, [424] = [442] = —ry + 24, [444] = r, — 22;
[

< Ilomoxkus r1 = [224] u ynpocrus dopmynbl (%) cormacHo [3|, mosydum Tpebyembie
paBeHcrBa. >

[To nemme 2.2 umeem 275 < [222] < 277.

< JJOKABATEJILCTBO TEOPEMBI 1. Ilycrs d(u, v) = 2. [logcuuraem aucio fy nap Bepiimx
y, z Ha paccrosaun 4 B rpacde ¥, rne y € {47 } n z € {4, }. C oxmoit croponsr, 1o semme 2.1
umeeM [224] = 23, mosromy fy = 2523 = 575. C apyroii cTOpoHbI, 10 JjieMMe 2.2 uMeeM
[244] = —r1 +24, nostomy fy = — >, ri+24-300 = 575, >, rt = 6625 u >_. i /300 = 22.083.

Iozcunraem uucio fo map BepmuH y, z Ha paccrosHun 2 B rpade X, tae y € {4} u
z € {g;} C omnoit croponsl, 110 jgemme 2.1 umeem [222] = 277, mosromy fo = 25 - 277 =
6925. C apyroii croponsl, o jemMe 2.2 umeeM [242] = rq, mosromy fi = Y .77 = 6925 u
>, i /300 = 23.083.

IIporusopeune ¢ Tem, uro » ;77 /300 = 22.083.

Teopema 1 mokazana. >
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3. I'pad ¢ maccuBom {36,35,32,4,1;1,4,32,35,36}

[Iycre I' sBigiercs AUCTAHIMOHHO PErYJIsIPHBIM I'padoM C MaCCHBOM IIepecedeHmit
{36,35,32,4,1;1,4,32,35,36}. Torma anHTHIOAAJLHOE YACTHOE — CHJILHO DPeryJIsipHbIi
rpad ¢ napamerpamu (352,36,0,4), moJOBUHHBINA rpad CUIBHO PEryJsipeH ¢ HapaMeTpamu
(352,315,282,280). Hauee, I' umeer 1 + 36 + 315 + 315 + 36 + 1 = 704 BepuiuH, CHeKTp:
36!, 8120 4231 _4231 _g120 _ 361 qycjia nepecedenmit:

1=0 P%Q = 35, P%Q =0, P%g = 280, P:%?, =0, P§4 = 35, le15 =1

pi =4, p?g = 32, p%g = 282, p34 = 32, p%g = 282, Pl =4, P35 = 1;

Py = 32, p14 4, py = 282, P33 0, Py = 32, P35 = 1;

pis = 35, p22 280, p3, = 35, p3; = 280, piy = 0, pis = 1;

Ply = 36, phy = 315,

1 MaTpuIyy () IyaJibHBIX COOCTBEHHBIX 3HATEHUI

1 120 231 231 120 1
N e
N B S
1 -120 231 -231 120 -1

IIycrs u, v, w — Beprmubl rpada I, {ijh} = {Z;’Z’}, [ijh] = [%jfﬂ

Honoxxum ¥ = Tg(u), A = ¥y. Torma A — peryasprbii rpad cremenn p3, = 282 Ha
ko = 315 BeprmHax.

JIemma 3.1. Ilycrs d(u,v) = d(u,w) = 2, d(v,w) = 4. Torja BBIIOJHSIOTCS CIELYIONHE
VTBEDIK JICHHSL:

[113] = [131] = 4, [133] = 28;

[222] = 251, [224] = [242] = 31;

(313] = [331] = 31, [315] = [351] 1, [333] = 251;
[422] = 28, [424] = [442] =
[533] = 1.

< Yuporenust bopmyar (k). >

ITo nemme 3.1 nmeem [222] = 251.

[Mycrs d(u,v) = 2. HamomuuMm, urto p%Q = 280, p%4 = 35, M03TOMY HYHCJIO pedEp MEXKITY
A(v) u A2(v) B rpade A pasuo 251 - 35 = 8785.

C apyroit cropoHbl, ykKazaHHOe 4ncsio pasHo 280(279 — \), rae A — cpe/iHee 3HaYEHHE
napamerpa A(A), mosromy 279 — A = 31.375 u A = 247.625.

JIemma 3.2. Ilycrs d(u,v) = d(u,w) = d(v,w) = 2. Torga BBIIOJHSIIOTCS CJIELYIONTHE
YTBEPKJICHHSL:

[111] = — 28, [113] = [131] = —r1 + 32, [133] = rq;

[222] = —ry + 281, [224] = [242] = 7y, [244] = —ry + 32;

311] = —r1 + 32, [313] = [331] = 1, [333] = —r; + 281, [335] = [353] = L;

[422] = - [424] = [442] = —r; + 32, [444] = r{ — 28;

[533] =
rae 28 < rqp < 32.

< Yuporenusi popmyit (). >
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[To silemme 2.2 umeem 249 < [222] < 253.

< JJOKABATEJILCTBO TEOPEMBI 2. ITycrs d(u, v) = 2. [logcuuraem aucio fy nap BepiimH
y, z Ha paccrosaun 4 B rpacde ¥, rne y € {47 } u z € {4, }. C onmoit cropoust, 1o semme 3.1
umeem [224] = 31, nosromy fy = 3531 = 1085. C apyroii cTopoHbl, 10 JeMMe 3.2 mmMeeM
[244] = —r1+32, nosromy fq = — ;i +32-280 = 1085, >_. ri = 7875 u >, ri /280 = 28.125.

Ioncunraem wuciao fp nap Bepmun y, z na paccrosunn 2 B rpade X, rie y € {5, } n
z € {;g} C omnoii croponsl, 10 jgemme 3.1 umeem [222] = 251, mosromy fo = 35251 =
8785. C apyroii cTopoHsl, o JieMMe 3.2 umeeM [242] = rq, mostomy fo = Y . 1] = 8785 u
>, ri/280 = 31.375.

[Iporusopetne ¢ Tem, aro » . 77 /280 = 28.125.

Teopema 2 jokazana.>>
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ON BIPARTITE Q-POLYNOMIAL GRAPHS OF DIAMETER
NOT GREATER THAN 5
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Abstract. Let u be a vertex of a bipartite Q-polynomial distance-regular graph I' of diameter D >
3, Y = I'p(u), and A = 3. Then A is a distance-regular @-polynomial graph. In the cases D = 4 and
D = 5 the graph A is strongly regular Q-polynomial. The half graph I's is strongly regular and A is a
neighbourhood of a vertex in the complement of I's. Therefore, a necessary condition for Q-polynomiality of I'
is the strong regularity of neighbourhoods and antineighbourhoods of vertices in A. A bipartite distance-regular
graph I' of diameter D € {4,5} is called almost @-polynomial if neighbourhoods and antineighbourhoods of
vertices in its half-graph are strongly regular. There are two admissible intersection arrays of Q-polynomial
graphs: {10,9,8,7,6;1,2,3,4,10} (a folded 10-cube) and {55, 54, 50, 35, 10; 1, 5,20, 45, 55}. These graphs have
strongly regular graphs A (parameters (126,25, 8,4) and (210,99, 48,45)) and neighbourhoods of vertices in
A (parameters (25, 8,4, 2) and (99, 48, 22,24)). There are two admissible intersection arrays corresponding to
graphs on 704 vertices: {26,25,24,2,1;1,2,24,25,26} and {36, 34,32,4,1;1,4, 32,34, 36}. In this manuscript
we study almost @-polynomial graphs of diameter 5. We obtain that distance-regular graphs with intersection
arrays {26, 25,24,2,1;1,2,24,25,26} and {36, 35,32,4,1;1,4,32,35,36} do not exist.
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